Introduction {#S1}
============

In soccer, the ability to perform such rapid actions as sprinting, jumping, kicking, and changing direction are essential to optimizing the chances of winning the match ([@B42]; [@B21]). Many soccer-specific movements as displacements at high speed are characterized by a succession of rapid eccentric and high-velocity concentric muscular contractions, involving the stretch-shortening cycle (SSC) ([@B24]; [@B3]). [@B43] present studies regarding time-motion analysis on soccer. The studies were grouped by movement categories according to their intensity, ranging from five to seven categories from "standing" to "sprinting," trying to characterize the physical requirements in football. In general, these studies have shown that elite players normally covered distances between 9 and 14 km, and performed approximately 1330 activities during a match, including 220 displacements at high speed ([@B2]; [@B9]; [@B36]). Plyometric training (PT) is used to improve exercise performance that involves SSC of muscle--tendon units ([@B24]). Therefore, PT may be considered as an appropriate training stimulus to developing explosive strength ([@B40]; [@B3]; [@B45]). Furthermore, PT is widely employed by soccer coaches, because it requires little space or equipment, and uses short periods of training time ([@B40]).

Plyometric training includes both forms of vertical or horizontal exercises and a combination of both ([@B37]). The SSC contributes more to vertical than to horizontal jump performance because the loading on the musculo-tendinous units is greater during the vertical jump, generating a larger stretching force, and allowing a greater use of elastic energy during the concentric phase ([@B25]; [@B19]). Recently, [@B39] have compared the effects of the three modalities of PT in young soccer players. The authors have showed that a combination of vertical and horizontal jumps produced greater improvements in strength than either vertical or horizontal stimuli alone. Consequently, it may be suggested that the optimal PT for young soccer players should include exercises in both axes, i.e., multi-directional PT.

As previously indicated, PT can improve the vertical jumping heights ([@B45]; [@B38]), but also change of direction speed (CODS) ([@B39], [@B38]), and postural control ([@B39]) in young soccer players. However, the effects of multidimentional PT in under 21 year soccer players are not well known for dynamic postural control (DPC). The DPC has previously been associated with better soccer performance ([@B34]). In fact, there is a relationship between sport expertise and postural skills ([@B33]) and thus an improvement in postural abilities is likely to enhance sportive performance ([@B31]) especially if power strength is increased concomitantly ([@B32]). The improvements in DPC in both legs would not only enhance physical performance, but also would reduce the risk of lower-extremity injuries. [@B35] measure the DPC with the Star Excursion Balance Test (SEBT) in high school basketball players and these results indicated that boys players with an anterior right/left reach distance difference greater than 4 cm was significantly associated with lower extremity injury and that breeds 2.5 times more likely to sustain injury. Improvements in DPC may reflect a greater contraction force of the lower extremity muscles ([@B27]) and/or changes in proprioceptive and neuromuscular control ([@B17]). However, although PT increases the contraction force of the lower extremity muscles, the effects of multi-directional PT on DPC are as yet unknown.

Consequently, the main objective of the present investigation was to study the effects of 6 weeks of in-season multi-directional PT on vertical jump height, CODS and DPC in under 21 soccer players. We hypothesized that multi-directional PT would improve these three indices of performance abilities.

Materials and Methods {#S2}
=====================

Participants {#S2.SS1}
------------

Twenty-seven male soccer players participating in the Tunisian 3rd league championship took part in this study. The age for participants ranged from 18 to 20 years. They trained 5 days per week in the afternoon for ∼2 h per session. The representative sample size of our study was calculated with G^∗^Power 3.1 software. Preliminary analysis with an assumed Type I error of 0.05; Type II error of 0.20; and effect size = 0.25, was carried out. The results revealed that 24 participants were needed to reach 80% of statistical power. Therefore, we recruited few additional participants (*n* = 28) to take into account the potential withdrawing from the study during the training period. The participants (see consort diagram, [Figure 1](#F1){ref-type="fig"}) were randomly allocated by computer to an experimental group (EG, *n* = 14) or a control group (CG, *n* = 14). After randomization of the groups and before the intervention, a soccer player in the CG has been injured because of a leg injury (CG, *n* = 13). There was no significant inter-group difference for age and anthropometric data (i.e., body height, leg length, body mass, and body mass index) ([Table 1](#T1){ref-type="table"}).

###### 

Age and anthropometric data of participants.

                              Control group (*N* = 13)   Experimental group (*N* = 14)   *p*-value   Cohen's *d*
  --------------------------- -------------------------- ------------------------------- ----------- -------------
  Age (yr)                    19.0 ± 0.7                 19.0 ± 0.9                      0.867       0.16
  Body height (m)             1.76 ± 0.06                1.76 ± 0.05                     0.856       0.06
  Leg length (m)              1.03 ± 0.04                1.03 ± 0.03                     0.883       0.06
  Body mass (kg)              69.2 ± 5.8                 67.6 ± 5.9                      0.508       0.27
  Body mass index (kg/m^2^)   22.3 ± 1.7                 21.9 ± 1.6                      0.520       0.26
  Goalkeeper (N)              1                          2                                           
  Defender (N)                3                          4                                           
  Midielder (N)               7                          4                                           
  Attacker (N)                3                          4                                           

N: number of soccer players.

![The consort diagram of the study.](fphys-11-00374-g001){#F1}

As the leg used to kick a ball has 100% agreement with the self-reported dominant leg ([@B48]), the dominant leg was determined from following question: "If you would shoot a ball on a target, which leg would you use to shoot the ball?." All participants were right leg dominant. None of the participants reported any recent history of hip, knee or ankle injury, or other pathological conditions of the lower limbs or lower back.

Experimental Design {#S2.SS2}
-------------------

The study was approved by the Manouba University Ethics Committee. After being informed about the nature, risks, and benefits of the study, volunteers signed their informed consent in accordance with the Declaration of Helsinki. They were insured that they could withdraw from the trial without penalty at any time.

The study was performed over a 6 week period during March and April as part of an official competitive season that started in September and finished in June. Data were collected before and after the participants have completed the 6 week intervention period. Testing and multidirectional plyometric training (MPT) sessions (for EG) was integrated into the weekly training schedule. The MPT duration was of 23--33 min (the MPT program details are described in [Table 2](#T2){ref-type="table"}). The recovery between set repetitions was of approximately ∼15 s ([@B41]), with ∼60 s between series. All sessions of MPT were performed on the same artificial grass surface. The MPT replaced the first part of the regular soccer training volume (post-warm-up) into their regular soccer training sessions on every Tuesday and Thursday throughout the 6 week intervention. The CG training consisted of tactical drills (defensive drills, offensive drills, corner kicks situations, penalty kicks; ∼30 min), small-sided games with or without goal keeper and with or without change of soccer rules (e.g., one touch pass, only heading goals; ∼30 min), and simulated competitive games (∼40 min). While after the MPT, The EG continued the regular soccer training \[small-sided games with or without goal keeper and with or without change of soccer rules (∼30 min) and simulated competitive games (∼40 min)\] with CG.

###### 

Multidirectional plyometric training program.

  Week    Exercises                                                                   Directions   Number of jumps per exercise   Number of jumps per session   Total time
  ------- --------------------------------------------------------------------------- ------------ ------------------------------ ----------------------------- ------------
  **1**   Alternating jumps (right-left leg) forward through the hoops                V-H          5 × 6                          140                           27
          Jumps with feet together and then separated in hoops                        V-H-L        5 × 10                                                       
          Jumps forward between barriers (45 cm)                                      V-H          5 × 4                                                        
          Alternating jumps legs (right-left leg) on bench (50 cm)                    V            5 × 8                                                        
  **2**   Jumps forward and back between ground markers with lateral displacement     V-H          5 × 16                         160                           23
          Squat jumping on a bench (30 cm)                                            V            5 × 8                                                        
          Squat jumping on a bench (50 cm)                                            V            5 × 8                                                        
  **3**   Alternating lateral jumps (right-left leg)                                  V-H          6 × 16                         168                           25
          Lateral jumps over a bench (30 cm)                                          V-H          6 × 4                                                        
          Alternating jumps legs (right-left leg) on bench (50 cm)                    V            6 × 8                                                        
  **4**   Jumping, feet together between plots                                        V-H          6 × 10                         180                           25.5
          Combined jumps (front-lateral-back)                                         V-H-L        6 × 10                                                       
          Lateral jumps between barriers (45 cm) without displacement                 V-L          6 × 10                                                       
  **5**   Alternating lateral jumps (2 left, 2 right)                                 V-L          6 × 8                          192                           32
          Alternating jumps lateral (right-left leg) in the hoop                      V-L          6 × 8                                                        
          Alternating jumps, front-lateral between barriers (45 cm)                   V-L          6 × 8                                                        
          Squat jumps on a bench (50 cm)                                              V            6 × 8                                                        
  **6**   Alternating jumps (right-left leg) forward in the hoops                     V-H          6 × 8                          216                           33
          Jumps with feet together and then separated in hoops                        V-H-L        6 × 8                                                        
          Jumps (4 front, 4 right side, 4 left side) between barriers (45 cm)         V-H-L        6 × 12                                                       
          Squat jumping on a bench (50 cm) followed by drop jump on a bench (30 cm)   V            6 × 8                                                        

V, vertical; V-H, vertical-horizontal; V-L, vertical-lateral; V-H-L, vertical-horizontal-lateral.

During the 3 days of testing soccer players performed regular training sessions with a reduction in the training content to have enough time for testing and not to increase the duration of the sessions. This training only consisted of tactical drills (∼30 min) and simulated competitive games (∼40 min). The tests were always performed after an appropriate warm-up, but before the soccer training sessions. Tests were performed by the same investigator in a fixed order over three different days. On the first test day, anthropometric measurements were completed, followed by vertical jumping height tests. The second test day was devoted to the evaluation of agility from CODS obtained during *T*-test. Finally, the balance was assessed from DPC during the third test day.

On the first test day, participants' body height was measured using measuring rod anthropometric (version 216, Seca^®^ Hamburg, Germany). Leg length was measured by the same experienced investigator, from the most distal end of the anterior superior iliac spine to the most distal end of the lateral malleolus ([@B10]), using a standard stainless steel tape measures with the participant lying supine on a plinth. Moreover, body mass was assessed with participants wearing light clothes and barefoot (Focus 9800 scale, EKS^®^, Gislaved, Sweden), then body mass index was calculated.

After these first measurements, a standardized warm-up was performed, then two different vertical jumping height tests (squat jump: SJ and countermovement jump: CMJ) were executed using an infrared photocell system (Optojump, Microgate^®^, Bolzano, Italy). The height of the jumps calculated from this system has previously been valid and reliable ([@B20]). According to [@B12], participants were asked to perform the SJ standing upright with good balance and the trunk as vertical as possible, feet parallel and shoulder-width apart, and hands on the hips throughout the test with a knee angle around 90°. The trial was not considered valid if any movement was perceived with the increased knee flexion at the start of the jump. For the CMJ, participants started from an upright standing position and made a preliminary downward movement by flexing the knees and hips, with a knee angle around 90° at the end of the countermovement ([@B12]). For both the SJ and the CMJ, the average of three trials (with 30-s of passive recovery between each, as proposed by [@B47] was used for analysis. The intra-class coefficients (ICCs) for three trials before and after intervention period with 95% confidence interval (95% CI) were 0.97 (95% CI = 0.95--0.99) for the SJ and 0.96 (95% CI = 0.94--0.98) for the CMJ, respectively.

On the second test day, the *T*-test was administered as described by [@B44] and recently used by [@B5] to assess the CODS. Participants sprinted forward 9.14 m to the first cone, touching its tip with their right hand, next shuffled 4.57 m left to the second cone, touching its tip with their left hand, then shuffled 9.14 m right to the third cone, touching its tip with their right hand, next shuffled 4.57 m left to the middle cone, touching its tip with their left hand before finally running backward to cross the starting/finishing line of 2 m wide. Times were recorded using an electronic timing gate (Photocells, Microgate^®^, Bolzano, Italy). The photoelectric cells were placed at a height of 0.7 m. Trials were deemed unsuccessful if participants failed to touch a designated cone, crossed their legs while shuffling or failed to face forward at all times. The average of three trials (separated by around 1-min passive recovery intervals) was used for analysis. The ICCs for three repeated trials before and after intervention period was 0.93 (95% CI = 0.90--0.96).

During the third test day, because it presents excellent reliability ([@B13]), the SEBT was used as proxy to assess DPC. This functional unilateral balance test integrates a single-leg stance with maximum reach of the opposite leg ([@B16]). The SEBT was performed with participants standing in the middle of a grid placed on the floor with eight lines extending at 45° increments from the center of the grid, as proposed by [@B29]. Moreover, according to these authors ([@B29]), eight lines on the grid were named in relation to the direction of reach relative to the stance leg: anterior (A), antero-lateral (AL), antero-medial (AM), medial (M), postero-medial (PM), posterior (P), postero-lateral (PL), and lateral (L). The protocol of [@B16] was followed, and the reach distances were normalized by dividing each excursion distance (in cm) by the participant's leg length (in cm) and then multiplying the value obtained by 100. The average of the three trials was used for analysis. The ICCs for three trials before and after intervention period of the eight directions using dominant and non-dominant legs ranged from 0.90 to 0.94 (95% CI = 0.88--0.97).

Finally, to avoid possible variations in physical performances ([@B7]), all tests were performed at the same time of the day (4 to 6 p.m.) and under the same experimental conditions (22--26°C) at least 3 days after the most recent competition and/or the last MPT session. Moreover, familiarization sessions were held 2 weeks before the intervention period. Finally, a recommended by [@B14], the same standardized warm-up, which included 15 min of progressive running (two sets of 7 min 30 s) then dynamic stretching exercises (two repetitions of 30 s with a 15-s passive recovery for five muscle groups: knee extensors, knee flexors, ankle foot plantar flexors, hip adductors, and hip flexors) was performed before each test.

Statistical Analysis {#S2.SS3}
--------------------

Data are expressed as means ± standard deviation. The normal Gaussian distribution was verified by the Shapiro--Wilk test. A two-way (two groups: CG vs. EG × 2 times: before vs. after) ANOVA for repeated measures was used to compare the data. The sphericity was checked by the Mauchley test and, when it was not met, the significance of *F*-ratios was adjusted according to the Greenhouse-Geisser or Huynh-Feldt procedures (according to the epsilon correction factor). To evaluate within-group pre-to-post performance changes, the Bonferroni *post hoc* was applied. The effect sizes (ES) were calculated to estimate the magnitude of the difference. The ES were determined by converting partial eta-squared values to Cohen's *d* with the Excel spreadsheets. According to Cohen ([@B8]) ES can be classified as small (0.00 ≤ *d* ≤ 0.49), medium (0.50 ≤ *d* ≤ 0.79), or large (*d* ≥ 0.80). Test-retest reliability was assessed using ICCs ([@B49]). The level of significance was set at *p* ≤ 0.05. Statistical analysis was performed using STATISTICA version 10 (StatSoft^®^ France).

Results {#S3}
=======

The anthropometric and descriptive data showed no significant inter-group difference at baseline ([Table 1](#T1){ref-type="table"}). Before the intervention, a soccer player in the CG has been injured because of a leg injury (CG, *n* = 13). During the intervention, the attendance rate in the regular training sessions for both groups was (CG: 93.8% and EG: 91.2%). The attendance rate in the PT sessions for EG was 93.5%. For the Pedro scale assessment, out of the 11 criteria, 2 were not applicable to our study setting (points 5 and 6). Indeed, it is not possible to have the participants and the coaches blinded to the intervention. For the 9 remaining points, the present study protocol scored 8 on the remaining 9 points of the Pedro Scale.

SJ, CMJ and *T*-Test Performance {#S4}
================================

Descriptive values of Pre- and Post-tests for SJ, CMJ and *T*-Test are presented in [Table 3](#T3){ref-type="table"}. ANOVA demonstrated a significant group × time interaction for SJ (*F* = 6.03, *p* = 0.021), CMJ (*F* = 9.10, *p* = 0.006), and *T*-Test (*F* = 10.46, *p* = 0.002). The Bonferroni *Post Hoc* test demonstrated significant increase for the three tests in both group (EG and CG). For SJ (EG: *p* \< 0.001; CG: *p* \< 0.001), CMJ (EG: *p* \< 0.001; CG: *p* = 0.005), and *T*-Test (EG: *p* \< 0.001; CG: *p* = 0.02). Also, the percentage of change was greater for EG compared to CG \[SJ (EG: Δ = 6.23 ± 2.58%); (CG: Δ = 4.51 ± 1.70%); CMJ (EG: Δ = 5.71 ± 3.32%); (CG: Δ = 2.82 ± 1.43%), and *T*-test (EG: Δ = −2.99 ± 1.47%); (CG: Δ = −1.15 ± 0.95%)\].

###### 

Vertical jump and *T*-Test performance before and after the intervention program.

  Group test     Control (*N* = 13)   Bonferroni *post hoc* test   Experimental (*N* = 14)   Bonferroni *post hoc* test   ANOVA group × time                                                                
  -------------- -------------------- ---------------------------- ------------------------- ---------------------------- -------------------- -------------- -------------- ------------ ------- --------- ------
  SJ (cm)        27.57 ± 3.96         28.80 ± 3.99                 4.51 ± 1.70               \< 0.001\*                   27.80 ± 4.48         29.51 ± 4.30   6.23 ± 2.58    \< 0.001\*   6.03    0.021\*   0.98
  CMJ (cm)       29.82 ± 3.45         30.64 ± 3.34                 2.82 ± 1.43               0.004\*                      30.45 ± 4.49         32.19 ± 4.69   5.71 ± 3.32    \< 0.001\*   9.10    0.006\*   1.20
  *T*-Test (s)   10.59 ± 0.55         10.47 ± 0.52                 −1.15 ± 0.95              0.002\*                      10.59 ± 0.56         10.26 ± 0.50   −2.99 ± 1.47   \< 0.001\*   10.46   0.002\*   1.43

\* ≤ 0.05.

DPC on the Dominant Leg Performance {#S4.SS1}
-----------------------------------

Descriptive values of Pre- and Post-tests of DPC on the dominant leg performance are presented in [Table 4](#T4){ref-type="table"}. ANOVA demonstrated a significant group × time interaction for four axes \[anterior (*F* = 5.48, *p* = 0.028), antero-lateral (*F* = 4.82, *p* = 0.038), postero-lateral (*F* = 4.82, *p* = 0.038), and medial (*F* = 6.77, *p* = 0.015)\]. The Bonferroni *Post Hoc* test demonstrated significant increase in EG, but no significant change in CG in four axes \[anterior (EG: *p* \< 0.001, Δ = 2.27 ± 2.05%; CG: *p* = 0.62, Δ = 0.81 ± 1.41%), antero-lateral (EG: *p* \< 0.001, Δ = 3.20 ± 3.12%; CG: *p* = 1.00, Δ = 0.86 ± 1.81%), postero-lateral (EG: *p* \< 0.001, Δ = 1.96 ± 2.12%; CG: *p* = 0.82, Δ = 1.83 ± 2.52%), medial (EG: *p* \< 0.001, Δ = 2.00 ± 2.31%; CG:*p* = 1.00, Δ = 1.67 ± 2.03%)\]. However, for the rest of axes, there was no significant group × time interaction demonstrated.

###### 

Dynamic postural control (SEBT) of the dominant leg performance before and after the intervention program.

  Group axe         Control (*N* = 13)   Bonferroni *post hoc* test   Experimental (*N* = 14)   Bonferroni *post hoc* test   ANOVA group × time                                                           
  ----------------- -------------------- ---------------------------- ------------------------- ---------------------------- -------------------- ------------ ------------- ----------- ------ --------- ------
  Anterior          71.2 ± 3.9           71.8 ± 3.8                   0.81 ± 1.41               0.62                         74.0 ± 3.8           75.7 ± 3.4   2.27 ± 2.05   \<0.001\*   5.48   0.028\*   0.93
  Antero-lateral    73.9 ± 4.5           74.5 ± 4.1                   0.86 ± 1.81               1.00                         73.9 ± 6.3           76.0 ± 5.2   3.20 ± 3.12   \<0.001\*   4.82   0.038\*   0.87
  Lateral           78.8 ± 4.0           79.4 ± 3.9                   0.63 ± 0.82               \_                           80.9 ± 6.8           82.5 ± 6.6   1.92 ± 2.66   \_          1.69   0.205     0.51
  Postero-lateral   86.7 ± 3.3           87.3 ± 3.5                   1.83 ± 2.52               0.81\*                       86.1 ± 4.0           87.8 ± 3.7   1.96 ± 2.12   \<0.001\*   4.82   0.038\*   0.87
  Posterior         84.7 ± 4.9           86.2 ± 3.9                   0.99 ± 1.62               \_                           84.7 ± 6.4           86.9 ± 5.0   2.90 ± 2.48   \_          0.85   0.365     0.36
  Postero-medial    75.5 ± 7.0           76.2 ± 7.0                   0.31 ± 1.09               \_                           74.1 ± 5.5           75.1 ± 5.1   1.41 ± 1.41   \_          0.36   0.549     0.24
  Medial            75.9 ± 3.2           76\. 2 ± 3. 9                1.67 ± 2.03               1.00                         75.7 ± 6.5           77.4 ± 5.1   2.00 ± 2.31   \<0.001\*   6.76   0.015\*   1.04
  Antero-medial     74\. 3 ± 3. 6        75\. 5 ± 4. 1                0.86 ± 1.81               \_                           74.0 ± 5.3           75.4 ± 5.1   1.98 ± 1.61   \_          0.06   0.800     0.10

\*: ≤0.05; \_: No Bonferroni post hoc test.

DPC on the Non-dominant Leg Performance {#S4.SS2}
---------------------------------------

Descriptive values of Pre- and Post-tests tests of DPC on the non-dominant leg performance are presented in [Table 5](#T5){ref-type="table"}. ANOVA demonstrated a significant group × time interaction for three axes \[lateral (*F* = 8.09, *p* = 0.009), postero-lateral (*F* = 11.92, *p* = 0.002), and medial (*F* = 5.84, *p* = 0.023)\]. The Bonferroni *Post Hoc* test demonstrated significant increase in EG, but no significant change in CG in three axes: lateral (EG: *p* \< 0.001, Δ = 2.17 ± 1.90%; CG: *p* = 1.00, Δ = 0.39 ± 1.18%), postero-lateral (EG *p* \< 0.001, Δ = 1.97 ± 1.24%; CG: *p* = 0.07, Δ = 0.70 ± 0.74%), medial (EG: *p* \< 0.001, Δ = 3.23 ± 2.31%; CG: *p* = 0.44, Δ = 1.10 ± 1.95%. However, for the rest of axes, there was no significant group × time interaction demonstrated.

###### 

Dynamic postural control (SEBT) of the non-dominant leg performance before and after intervention program.

  Group axe         Control (*N* = 13)   Bonferroni *post hoc* test   Experimental (*N* = 14)   Bonferroni *post hoc* test   ANOVA group × time                                                            
  ----------------- -------------------- ---------------------------- ------------------------- ---------------------------- -------------------- ------------ ------------- ----------- ------- --------- ------
  Anterior          72.6 ± 3.4           72.6 ± 3.8                   0.02 ± 2.84               \_                           74.4 ± 5.1           75.8 ± 4.7   1.80 ± 1.72   \_          4.17    0.052     0.81
  Antero-lateral    75.5 ± 5.3           76.4 ± 4.8                   1.33 ± 2.44               \_                           79.4 ± 5.4           80.3 ± 4.9   1.24 ± 1.04   \_          0.00    0.956     0.00
  Lateral           80.3 ± 3.9           80.6 ± 3.6                   0.39 ± 1.18               1.00                         79.7 ± 4.3           81.4 ± 4.2   2.17 ± 1.90   \<0.001\*   8.09    0.009\*   1.13
  Postero-lateral   87.9 ± 3.2           88.5 ± 3.4                   0.70 ± 0.74               0.07                         87.0 ± 4.7           88.8 ± 4.2   1.97 ± 1.24   \<0.001\*   11.92   0.002\*   1.38
  Posterior         88.7 ± 3.7           88.3 ± 3.3                   1.09 ± 1.53               \_                           88.4 ± 4.4           89.7 ± 3.7   1.69 ± 1.71   \_          0.57    0.456     0.30
  Postero-medial    78.5 ± 4.3           78.5 ± 4.4                   −0.04 ± 1.96              \_                           80.2 ± 5.4           81.0 ± 5.6   1.16 ± 2.68   \_          1.25    0.273     1.92
  Medial            74.3 ± 4.2           74.3 ± 5.1                   1.10 ± 1.95               0.43                         73.6 ± 7.9           75.8 ± 7.1   3.23 ± 2.31   \<0.001\*   5.84    0.023\*   0.96
  Antero-medial     74.3 ± 4.2           75.1 ± 4.0                   1.22 ± 2.41               \_                           73.9 ± 4.9           75.4 ± 4.8   2.33 ± 1.81   \_          1.16    0.290     0.43

\*: ≤0.05; \_: No Bonferroni post hoc test.xs

Discussion {#S5}
==========

In accordance with our original hypothesis, countermovement jump performance, CODS and DPC were all improved, although the amount and duration of multidirectional PT was relatively limited (2 sessions/week during 6 weeks).

Several previous studies have demonstrated the beneficial effects of PT on strength and/or CODS after programs ranging from 6 to 16 weeks ([@B40], [@B39], [@B38]; [@B46]; [@B15]; [@B22]; [@B28]). However, all of the programs previously performed were implemented in youth categories, whereas the present study focused on the responses of adult players (U-21). The present results confirm the effectiveness of a short dose of PT (6 weeks) in U-21 soccer players during the season. Moreover, the singularity of the present study is that it is unique by the combination of actions in the multi-directional planes to better meet the multi-directional needs of soccer activity.

In the present study, multi-dimensional PT has induced significant increases in vertical jumping heights in CMJ ([Table 3](#T3){ref-type="table"}). PT improves exercise performance that involves SSC of muscle--tendon units ([@B24]). [@B18] demonstrated that PT improved the SSC exercise performance by the optimization of muscle-tendon behavior of the agonists, associated with an alteration in the neuromuscular activity during SSC and an increase in tendon stiffness. Furthermore, a decrease in the neuromuscular activity of the antagonists during the braking phase appears to play an important role in this improvement. These findings can potentially explain why the present study showed a significant improvement of vertical jump with plyometric regime (CMJ, Δ = 5.71 ± 3.32%)\].

Multi-directional plyometric training also improved performance of the CODS ([Table 3](#T3){ref-type="table"}), corroborating [@B26] findings, which demonstrated that a 6 week in-season PT program improved CODS as measured by the *T*-Test. According to these authors ([@B26]), the improvement of CODS would be linked a reduced ground contact time, suggesting increased of strength and efficiency of movement.

The present study also evidenced improved DPC in four axes for the dominant leg (i.e., anterior, antero-lateral, postero-lateral, and medial; [Table 4](#T4){ref-type="table"}) and three axes for non-dominant legs (i.e., lateral, postero-lateral, and medial; [Table 5](#T5){ref-type="table"}). These gains could be related with the PT which develop the ability of soccer players improving their neuromuscular control by promoting anticipatory postural adjustments ([@B11]; [@B1]). Indeed, balance and stability challenges during PT can result in proactive and/or feed-forward adjustments that would adjust appropriate muscles contractions before the pitch-contact/landing ([@B23]; [@B30]). Furthermore, PT seems to result in improved sensitivity of afferent feedback pathway during exercise ([@B4]). [@B3] recently suggested that the observed gains in performance could reflect various neuromuscular adaptations, such as an increased neural drive, improved inter-muscular coordination, changes in muscle size and architecture, and/or changes in single-fiber mechanics, as well as changes in muscle-tendon mechanical-stiffness ([@B24]). Therefore, all these improvements could increase the performance and also potentially minimize the risk of injuries in soccer players ([@B6]).

Although the present study points at the effectiveness of MPT, there remains a need to undertake a direct comparison between uni-, bi- and multi-directional plyometrics programs. Further, the study of larger samples of players over longer periods should allow an analysis of the extent of benefits by playing position. Finally, the improvements observed in the study could be due to the quality of the intervention (PT), and/or to a change in training load. Even though the training duration was the same in both groups, we did not accurately monitor training intensity during the experiment. Therefore, it is not possible to accurately determine from where the observed results were coming (intervention and/or training load effect).

In conclusion, the 6-week in-season multi-dimensional PT was effective to improve soccer-related specific physical qualities (i.e., countermovement jump performance, CODS and DPC). Furthermore, multi-dimensional PT has the potential to be appealing to coaches, as it requires little time while yielding valuable results in the physical preparation of U-21 soccer players.
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